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ABSTRACT 
Application of Remote Sensing and GIS in detecting the Spread of Mesquite 
(Prosopies chilenses): A case Study of Elgetaina locality (Northern White 
Nile State). 
 
The present study was conducted in ELgetaina area, Northern White Nile State. 
ELgetaina area lies between latitudes (13˚ 30΄- 15˚ 00΄) N and Longitudes (32˚ 
30΄- 33˚ 00΄) E, covering an area of 16,000 hectares. 
The objective of the study was to assess the spread of Mesquite in northern 
White Nile State and its impact on agricultural areas as well as to investigate the 
perception of local communities towards Mesquite spread.  
Moderate Satellite Images Spectral radiometric (MODIS) of low resolution 
images, for seven successive years (2000, 2001, 2002, 2004, 2005, 2006 and 
2007), were used to monitor Mesquite spread. Normalized Difference 
Vegetation Index (NDVI) was computed to provide a basis for detection of 
Mesquite density in each pixel for every year. An image product was selected 
during the last week of February for each year, selection of imagery was made 
in the dry season when Mesquite cover was easy to identify and assess. A social 
survey was undertaken in the study area to assess the perception of different 
community members towards the use of Mesquite and its control. 96 
respondents of A random sample selected for this research. 
The study revealed that there is an increasing trend in Mesquite spread of 228.45 
hectares / year which coincides with a decline in the agricultural lands, whereas 
bare soil did not show a specific pattern. This increase was attributed to various 
factors; namely animals, institutional setup and absence of clear vision on 
agricultural rotation as well as the migration of farmers to urban areas. 
The study concluded  that Mesquite has been regarded both as anxious weed and 
at the same time provides fuelwood, fixes sand dunes and plays an important 
role in the livelihood of the local communities in the study area. 
 
 
xi 
The study recommended that high resolution data for monitoring of Mesquite 
can be used for such assessment in areas of similar environmental conditions in 
the Sudan, likewise management plans for economic utilization of the existing 
Mesquite stands is considered necessary.   
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 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
    اﻟﺤﺎﻟﺔ .ﻓﻰ رﺻﺪ اﻧﺘﺸﺎر اﻟﻤﺴﻜﻴﺖ اﻟﻤﻌﻠﻮﻣﺎت اﻟﺠﻐﺮاﻓﻴﺔ ﻧﻈﻢ  ﻧﻈﺎم اﻻﺳﺘﺸﻌﺎر ﻣﻦ ﺑﻌﺪ وﺗﻄﺒﻴﻘﺎت
   ﺷﻤﺎل وﻻﻳﺔ اﻟﻨﻴﻞ اﻻﺑﻴﺾ(ﻣﺤﻠﻴﺔ اﻟﻘﻄﻴﻨﺔ)
  
-31˚ 03΄) اﻟﻘﻄﻴﻨﺔ اﻟﺘѧﻰ ﺗﻘѧﻊ ﺑѧﻴﻦ ﺧﻄѧﻰ ﻋѧﺮض  ﻣﺤﻠﻴﺔ اﻟﺪراﺳﺔ ﻓﻰ ﺷﻤﺎل وﻻﻳﺔ اﻟﻨﻴﻞ اﻻﺑﻴﺾ ﻓﻰ ﺖاﺟﺮﻳ
  هﻜﺘﺎر(00061)ﻓﻰ ﻣﺴﺎﺣﺔ ( 33˚-23 ˚03΄)ﺷﻤﺎﻻ وﺧﻄﻰ ﻃﻮل ( ˚51
هѧﺪﻓﺖ اﻟﺪراﺳѧﺔ اﻟѧѧﻰ رﺻѧﺪ إﻧﺘѧﺸﺎر اﻟﻤѧѧﺴﻜﻴﺖ ﻓѧﻰ ﻣﻨﻄﻘѧﺔ ﺷѧѧﻤﺎل اﻟﻨﻴѧﻞ اﻻﺑѧﻴﺾ و ﺗѧѧﺄﺛﻴﺮ هѧﺬا اﻻﻧﺘѧﺸﺎر ﻋﻠѧѧﻰ 
  .راءاﻟﺴﻜﺎن اﻟﻤﺤﻠﻴﻴﻦ ﻧﺤﻮ هﺬا اﻻﻧﺘﺸﺎرﺁاﻟﺰراﻋﺔ و اﻟﺘﺤﻘﻘﻖ ﻣﻦ 
ﻨﺨﻔѧﻀﺔ ﻟﻠѧﺴﻨﻮات  اﻟﻘѧﺪرة اﻟﺘﻤﻴﻴﺰﻳѧﺔ اﻟﻤ اتذ( ﻣѧﻮدس )اﺳﺘﺨﺪﻣﺖ ﻓﻰ هﺬﻩ اﻟﺪراﺳѧﺔ اﻃﻴѧﺎف اﻻﻗﻤѧﺎر اﻟѧﺼﻨﺎﻋﻴﺔ 
  . ﻟﻤﺘﺎﺑﻌﺔ إﻧﺘﺸﺎر اﻟﻤﺴﻜﻴﺖ ( 7002و6002و5002و4002و2002و1002و0002)
  . ﻟﺤﺴﺎب اﻟﻜﺜﺎﻓﺔ اﻟﺴﻨﻮﻳﺔ ﻟﻠﻤﺴﻜﻴﺖﺖ ﻗﺎﻋﺪة اﻟﺘﺒﺎﻳﻦ ﻟﻠﻨﺒﺎتاﺳﺘﺨﺪﻣ
 وذﻟѧﻚ ﻓѧﻰ ﻓѧﺼﻞ  اﻟﻤﺨﺘѧﺎرة  ﺗﻢ إﺧﺘﻴѧﺎر اﻻﻃﻴѧﺎف اﻟﻤﻨﺘﺠѧﺔ ﻓѧﻰ اﻻﺳѧﺒﻮع اﻻﺧﻴѧﺮ ﻣѧﻦ ﻓﺒﺮاﻳѧﺮ ﻓѧﻰ آѧﻞ اﻟѧﺴﻨﻮات 
   ﻪﻜﻴﺖ وﻣﺘﺎﺑﻌﺘ اﻟﻤﺴﻰ ﻟﺴﻬﻮﻟﺔ اﻟﺘﻌﺮف ﻋﻠاﻟﺠﻔﺎف
ﻤﻊ اﻟﻤﺨﺘﻠﻔѧﺔ ـﺘ اﻳﻀﺎ ﺗﻢ إﺟﺮاء ﻣﺴﺢ إﺟﺘﻤﺎﻋﻰ ﻟﻠﺴﻜﺎن اﻟﻤﺤﻠﻴﻴﻦ ﻓﻰ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ﻟﺘﻘﻴﻴﻢ اراء ﻗﻄﺎﻋѧﺎت اﻟﻤﺠѧ 
  .ﺂﻴﻣﺴﺘﻬﺪف ﺑﻌﺪ إﺧﺘﻴﺎرهﻢ ﻋﺸﻮاﺋ( 69)ﺗﻢ اﺳﺘﺠﻮاب , ﻧﺤﻮاﻻﺳﺘﺨﺪام و اﻟﺘﺤﻜﻢ ﻓﻲ إﻧﺘﺸﺎر  اﻟﻤﺴﻜﻴﺖ
  هﻜﺘﺎر وﻧﺘﺠﺖ هﺬﻩ اﻟﺰﻳѧﺎدة ﻣѧﻦ 54.822 ل ﺑﺤﻮا اﻟﺘﻰ ﺗﻘﺪر ﻠﻤﺴﻜﻴﺖ و اﺷﺎرت اﻟﺪراﺳﺔ اﻟﻰ اﻟﺰﻳﺎدة اﻟﺴﻨﻮﺑﺔ ﻟ 
  .ﻴﻦ و اﻟﻮﺿﻊ  اﻟﻤﺆﺳﺴﻰ و هﺠﺮة اﻟﻤﺰارﻋﻋﺪة ﻋﻮاﻣﻞ ﻣﺨﺘﻠﻔﺔ اهﻤﻬﺎ اﻟﺤﻴﻮان
 ﺣﻄѧﺐ  ﺗѧﻮﻓﻴﺮﺲ اﻟﻮﻗѧﺖ ﺧѧﺪﻣﺎت ﻣﻨﻬѧﺎﻔѧﺧﻠѧﺼﺖ اﻟﺪراﺳѧﺔ اﻟѧﻰ ان اﻟﻤѧﺴﻜﻴﺖ ﻳﻌﺘﺒѧﺮ اﻓѧﺔ ﺧﻄѧﺮة و ﻳѧﻮﻓﺮ ﻓѧﻰ ﻧ 
  .اﻟﻮﻗﻮد و ﺗﺜﺒﻴﺖ اﻟﻜﺜﺒﺎن اﻟﺮﻣﻠﻴﺔ
ﻪ ﻣﻦ ﻬ ﺗﻤﻴﻴﺰﻳﺔ ﻋﺎﻟﻴﺔ ﻟﺮﺻﺪ اﻧﺘﺸﺎر اﻟﻤﺴﻜﻴﺖ ﻓﻰ اﻟﻤﻨﺎﻃﻖ اﻟﻤﺸﺎﺑ راﺳﺔ ﺑﺎﺳﺘﺨﺪام ﺑﻴﺎﻧﺎت ذات ﻗﺪرة ﺪاوﺻﺖ اﻟ 
 .ﻟﻤﺴﻜﻴﺖﻟﻤﺸﺎﺟﺮ ا يوﻋﻤﻞ ﺧﻄﺔ ﻓﻨﻴﺔ ﻟﻼﺳﺘﻘﻼل اﻻﻗﺘﺼﺎد. ﺣﻴﺚ اﻟﻈﺮوف اﻟﺒﻴﺌﻴﺔ ﻓﻰ اﻟﺴﻮدان 
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Chapter I 
Introduction 
  
1.1. Background 
Forest changes have been attracting increasing attention from environmentalists 
and socio-economists. Such changes have been occurring rapidly and involving 
large areas, especially in developing countries and their influence on their 
environmental condition may be as serious as the effect of climate change. In 
Sudan there is belief among many that the vegetation, especially tree cover, had 
changed quantitatively and qualitatively. Recently there is a tendency to use 
images taken by remote sensing devices to assess the vegetation changes (Tuner 
et al.1995). 
In the Sudan deforestation rate is not highest among the African countries, 
according to the forest resource assessment of the year 2005 (FRA, 2005) 
undertaken by Food and Agriculture Organization (FAO) of the United Nations. 
This necessitates the use of the remote sensing techniques to assess present 
status of forest cover and change trends. The study will assess the Mesquite 
cover of Northern the White Nile State in an attempt to give proposals for the 
development and management of the forest resources in the White Nile State. 
 
1.2. Problem statement 
The spread of mesquite in agricultural schemes and the White Nile areas is 
considered by some people as a real disaster and a serious threat to the 
agricultural lands. Mesquite is regarded as a noxious weed; it invades the 
valuable farm areas and irrigation net works. To examine such a perception it is 
important to investigate the pattern and trends of its spread using an efficient 
means of change detection.  
 
 
2 
1.3. Factors leading to the spread of mesquite  
There are many factors that affect the spread of Mesquite. The most important 
factors are:- 
-Frequent changes of the management and administration of the            
agricultural schemes (reform, subsistence, corporation and privatization). 
-Absence of agricultural rotation and negligence of farmers to their lands for a 
long time. This promoted invasion to these farm lands with Mesquite.  
-The movement of animals has promoted its spread, especially in the White Nile 
area, which is characterized by the presence of large numbers of livestock. 
Animals move from north to the south and vice versa, spreading Mesquite seeds 
through animal droppings. 
A lot of farmers migrated from the White Nile to urban areas (cities, towns), 
abandoning their farms. Among the reasons of abandoning the farms are the 
high production taxes and the low productivity of their farms Mesquite invaded 
the abandoned farms.     
1.4. The objectives of the research 
The major objective of this study is to use efficient and cost-effective techniques 
to detect land use changes in the study area. Specific objectives are: 
1- To assess the spread of mesquite in the White Nile area. 
2-To assess perception of local communities on mesquite spread. 
1.5. Hypothesis  
1- The spread of mesquite is at the expense agricultural lands.  
2- Frequent changes of agricultural administrations systems have led to the 
spread of mesquite. 
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Chapter II 
Literature review 
 
2.1.1 Natural Vegetation 
The classification of the vegetation of the Sudan written by (Harrison and 
Jackson 1958) was intended to be primarily an ecological one, based on the 
floristic composition of the vegetation. However as the character of the 
vegetation in the Sudan depends largely on rainfall and soil types, the division of 
the vegetation corresponds to changes in rainfall and soil. The major divisions 
are determined mainly by rainfall and subdivisions by soil types. 
The 1950s were a period of above average rainfall, which tended to obscure the 
insidious increase of desertification, settlements around boreholes in the drier 
parts of the Sudan, accompanied by rapidly increasing areas of deforestation and 
overgrazing (Wickens 1981). It was stated that in the Hunting Technical 
Services (1964) that Greater Kordofan was surveyed in 1962-63. Some areas 
were not recognizable due to the disappearance of both vegetation and topsoil; 
in other areas the ground vegetation was much reduced. The shallow sandy soils 
overlying an indurate former land to the south of the deep sandy soils of the qoz 
proper had been denuded of their sand of the trees were either dead or dying of 
drought. Furthermore, the deep sands of the qoz proper had become very 
sparsely vegetated. According to Kamil (1995) Mesquite was tried in Kassala on 
eroded banks of river Atbara. Mesquite is found, almost, everywhere in the Gash 
delta as long as there is a water collection site. Under suitable conditions in 
porous fertile soils of the irrigated land; in many areas it has grown vigorously 
and occupied large proportion of agricultural land (e.g. Gash Delta and Toker 
Delta). Mesquite has the ability to withstand the harsh environmental conditions 
in arid and semi-arid areas and could survive, grow and produce large amounts 
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of pods. It was adopted by the forestry authorities for the protection against sand 
Movement in the arid and semi-arid areas and rehabilitation of degraded land.  
2.1.2 Mesquite in White Nile State: 
Mesquite (Prosopis chilensis) was introduced in the Sudan in 1917 by a 
government botanist, E. Massey (Abd Elfatah at el, 2007) The purpose was to 
find exotic fast growing tree species resistant to drought and grazing, have value 
for conservation of ecological balance, source of fuelwood and fodder and other 
economic values. In 1937 it was introduced in Garasa area (White Nile) as trials 
for productive shelterbelts, in 1979, through the Sudan Finland project, 
Mesquite entered the central area of the White Nile State in Kosti and Tendelti, 
in 1980 it was introduced through forestry research in Sheikh Elsiddig area. In 
1983 Mesquite was widely spread by ENSO organization for combating desert 
encroachment, through distribution of seedlings to the local people north east of 
the White Nile State. In the period 1983-1993 it was introduced to (Turaa 
Elkhadra) as productive belt for agricultural schemes. This introduction has been 
advocated by the International Labour Organization (ILO) north west of the 
State. In 1988 -1995 SOS Sahel introduced Mesquite to ELgetaina area as tree 
belt for ELgetaina shelterbelt (Abd Elfatah at el, 2007)  
 
Mustafa (1988) stated that the Prosopis chilensis Molina stuntz is adapted to 
survive the harsh environmental conditions of the world's sandy zones. Using 
optimum plantable seedlings is advantageous in evading the most vulnerable 
stage of growth and use of soil working techniques that conserve moisture can 
equally assure better survival and growth of these seedlings.  
 
Musa (1988) conducted a study at Um Hager nursery in central Sudan between 
April and July 1986. The special aim of the study was to investigate the effect of 
watering and substrate on the growth of Acacia senegal, Acacia seyal, and 
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Prosopis chilensis seedlings in forest nursery. Irrigation was studied at three 
levels; 12mm, 24mm and 36mm per day. For the main species Acacia senegal, 
four different substrates were studied (1) sand and clay (2) coarse composite and 
clay, (3) fine compost and clay, and (4) fine compost, sand and clay. For Acacia 
seyal and Prosopis chilensis, only two substrates were studied, i.e. coarse 
compost and clay; and fine compost, sand and clay. Measurements were carried 
out at two weeks intervals. The parameters measured were the shoot and root 
length, the shoot diameter and the wet and dry weights of the shoot and the root. 
The study showed that substrate consisting of fine compost; clay and sand and 
an irrigation level of 24mm/day were recommendable combinations of raising 
seedlings of Acacia senegal, Acacia seyal and Prosopis chilensis under 
conditions prevailing in the nursery in question. 
 
Almin (1999) studied sand movement and its suppression towards and in 
secondary desertification source area near the White Nile in Gezeria region 
central Sudan. She investigated (i) the origin of the sand presently blown over 
the area, identifying the main source as well as mechanism possibly involved in 
transfer of sand over the White Nile and monitoring over 35 years in terms of 
sand removal and deposition and dune movement. For the area, interactions 
were assessed to be of natural causes and human action in protecting as well as 
endangering established vegetation, including the assessment of the role that 
climate fluctuations played and the immediate danger to what protects the 
present communities; (ii) the efficiency of an improved sand catcher under 
actual field conditions; (iii) some examples of dune formation, disappearance 
and drift, as well as for some events in two different seasons the amount of sand 
traveling as  a function of time, in selected areas; (iv) the capability of natural 
indigenous vegetation to be established under the harsh conditions of the area 
and the most suitable species that can grow easily and modify the wind regime 
in an appropriate way for sand fixation; (v) the actual sand settlement pattern 
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around selected trees and the wind speed modification patterns around these 
trees that cause deposition. The investigations showed that between 1972 and 
1985 the sand invaded the area at an average rate of about 34 km2 /year. The 
origin of the blowing sand appears to be the desertified area of northern 
Kordofan. 
 
Pohjonen (1990) reported that in 1979 the Sudan-Finland forestry programme 
was launched in the White Nile Province. The programme aimed at combating 
desertification; production of fuel wood and gum arabic; and improving the 
living conditions. The phases of the programme were outlined, and lessons 
learned and prospects were discussed. From methods of seedlings production 
and planting efficiency, the programme is moved into large scale reforestation. 
The importance of every link in the chain of plantation establishment starting 
with seed and ending with last weeding of the saplings was learned through trial 
and error, including plantation failures. Erratic rainfall is shown to be the 
limiting factor for successful reforestation in the forest area. It is concluded that 
the experiences in the White Nile have shown that desertification can be 
combated. The main species in these plantation activities was Mesquite. 
 
Mesquite (Prosopis chilenses Molina Stuntz) has the ability to survive, grow and 
produce large amounts of pods in arid and semi arid areas of the country. 
Interest has shown to exploit Mesquite as food source for animals in dry lands of 
the Sudan and other similar zones in the tropics. Little information is available 
on the various aspects of Mesquite as a feed source in the Sudan (AbdelGaabar, 
1986) 
 
Abdel Nour, el, al.(1998) stated that about 5% of the seeds in the pods when 
eaten by the goats are not crushed, the digestive juice in the animal digestion 
track helps in softening the seed coat and are dropped ready for germination in 
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the animal droppings. Under suitable conditions, especially in the porous fertile 
soil of irrigated agricultural land, Mesquite would grow with vigor and 
ultimately claim the land. Since its introduction, Mesquite presented no problem 
when isolated in plantation blocks over sand dunes and degraded eroded soils. 
But the drought cycle that struck the Sudano – Sahelian countries in 1960s and 
early 1970s had its impact in the Sudan with its disastrous effects of desert 
encroachment and desertification. Sand dunes encroached upon agricultural 
lands in the northern parts of the central states, fodder resources were meager 
and Mesquite pods were readily available for animal feed. In the areas quite 
distant from Mesquite plantation the agricultural lands were either abandoned or 
not well looked after, creating conditions conducive to Mesquite spread. 
Mesquite was also introduced intentionally for the protection of agricultural land 
in the northern states against sand invasion. Here Mesquite was the only option. 
The introduction was accompanied with intensive forestry extension programs 
among the farmers to keep Mesquite under control. The extension message had 
its positive impact as the agricultural land remained free from Mesquite for more 
than two decades. But then, things went wrong, Mesquite crossed the red line 
and invaded the agricultural land Abdel Nour, et, al 1998)   
2.1.3 Socio-economic impact of Mesquite 
An attempt was made to clarify the socio-economic factors, which determined 
the success of Mesquite planting activities during the years 1982-1985. The 
growth and survival of planted tree seedlings were evaluated subjectively in the 
field. It was discovered that sesame cultivation has been intensified at the 
expense of rational shifting cultivation in which gum trees (Acacia senegal) 
were an important constituent; the process of desertification was poorly 
understood by the peasants; the reserved attitude towards tree planting has 
gradually changed to  a more positive one; a balance between production and 
utilization of wood has to be created by introducing wood saving utilization 
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techniques as supplement to wood production program; and seedlings should be 
delivered according to individual needs and the suitability of the areas in 
question for a forestation  (Hakulinen, 1989).  
 
 El Siddig, el al. (1998) conduct a study among four major different types of 
communities (agropastoralists, nomads, refugees and urban communities) 
represented by 14 geographical locations. The most prominent benefit of 
Mesquite to the communities is the provision of wood fuel in all locations. 
Mesquite brought a lot of problems. The degree of suffering differs and it is 
most severe in New Halfa Scheme. Values to some of them, from Mesquite, are 
represented in using it as part of hand tools and in fencing their farms. 
Complaints from livestock owners, especially in areas, which are heavily 
invaded by Mesquite, include injuries, sickness of their animals and finally loss 
of part of their wealth, due to uncontrolled feeding on Mesquite pods. Mesquite 
does not constitute a major source for fodder, almost in all area surveyed. The 
key factor in controlling Mesquite is in putting the land under proper 
management and continuous use. Efficient use of land for agriculture or forestry 
will restrict the spread of the Mesquite. Involvement of local communities as 
well as private sector and the adoption of the production relations appropriate to 
the locality will be necessary (El Siddig, el al. 1998). 
 
The nitrogen fixing trees of the Mesquite complex are among the most adaptable 
and fastest growing trees in the truly tropical arid regions and have become 
naturalized in semi-arid tropics in Latin America, the Caribbean, Hawaii, 
Sahelian Africa, the Indian subcontinent and northern Australia. The trees have 
been regarded both as a serious weed and as a valuable resource for firewood 
and dune stabilization. Unfortunately the introduction into Sahelian Africa and 
the Indian subcontinent were from trees that had non-palatable pods. Despite 
their widespread occurrence, seed from a genetic improvement program are not 
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available. Peruvian Mesquite has rapid growth, erect form and high survival in 
Haiti, Cape Virden and India. An evaluation of form, diameter at breast height, 
pod production and pod palatability was conducted in a 10 year old plantation of 
1,800 trees in Piura, Peru and seven were selected that had: more than 20 cm 
DBH; an erect form; 100% of branches with pods; and pods with a very sweet 
flavor. Scions and bud-wood were taken from these trees and successively 
grafted onto greenhouse grown stock plants to be used for colonel 
multiplication. For the first time a report about successful chip budding grafting 
of Mesquite was reported. This was the first report of Peruvian clones that had 
been selected for high production of highly palatable sweet pods (Alban, el al. 
2002). 
 
Harris, el al. (1975) in the Republic of Cape Verde reported that, an ambitious 
afforestation program had begun after independence in 1975, making extensive 
use of Mesquite. In that study, the relative performance of Mesquite and other 
Prosopis species introduced from Oman, India and Argentina, and from 
collections provided by P. Felker of Texas A&M University-Kingsville, was 
evaluated. In one preliminary trial P. juliflora exhibited a higher survival than P. 
cineraria and eight non-Prosopis drought tolerant species after 4.5 years under 
conditions of extreme aridity and heavy browsing. In another trial, Prosopis 
tamarugo suffered 100% mortality after 6 months, while 100% survival of P. 
juliflora was recorded after 4 years.  In a trial planted in 1992, including five 
Prosopis species, Argentinean provenances of P.alba, P. chilensis, P.flexuosa 
and P. nigra showed high survival after 2.5 years. Survival of Indian P. 
cineraria provenances was only 20% to 44%. P. nigra 33% was the most 
promising provenance overall, with high branch length and stem-base diameter, 
high survival rate, an acceptable P. alba growth habit, and very small thorns.  
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2.1.4 Utilization of Mesquite 
The genus Prosopis contains more than 40 species native to North and South 
America, Africa and Asia that range from one mater tall shrubs to 18m tall trees. 
Pods of some Prosopis sp. have yielded 30% sugars and 12% protein, and have 
been used for human and animal food for millennia. In Mexico, Argentina and 
Brazil, Prosopis pods are very important source of animal feed. In Peru, pods of 
especially sweet varieties are used for human food. In Northern America, soil 
under Prosopis canopies contain 1,000kg/ha more nitrogen and 8,000 kg/ha 
more carbon than soils outside the canopies. In India Prosopis cultivars have 
been used to reclaim high pH (10.4) soil and other cultivars have been found 
that will grow in salinities equal to that of sea water. In Western India and Haiti, 
Prosopis provides more fuelwood than any other species and in North America 
mesquite timber has shown to be harder than oak and more dimensionally stable 
than any other timber tested to date. The timber is used for flooring, fine 
furniture and artisanal products, and mesquite timber product is a very actively 
growth industry in North America and Argentina (Bristow, 1996)   
 
Peruvian "algarroba" (Prosopis pallida and Prosopis juliflora) and its fruits are 
described and some new ways for its industrialization are suggested on the basis 
of the research done at the University of Piura since 1984 (Grados, et, al. 1984). 
The processing alternatives of Prosopis pods developed at the University of 
Piura are focused especially on the different uses for each part of the fruit 
exocarp, mesocarp (pulp), endocarp, and the episteme, endosperm and cotyledon 
from the seed. Each of these components has specific industrial applications. 
Several specific components have been determined. Sucrose is the main sugar 
(46% in weight) in the pulp. In the endosperm the polysaccharide is a 
galactomannan, with a 1:1.36 galactose/mannose ratio. Among the important 
amino acids in the seed cotyledons are: glutamic acid, arginine, aspartic acid, 
leucine, proline and serine. In the pulp, vitamin C, nicotinic acid, and calcium 
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pantothenate have also been found. In the seed the content of vitamin C and E 
are significant. The dietary fiber of the pulp and endocarp hulls is basically 
insoluble dietary fiber. The results of the research show the feasibility of 
industrialization of Prosopis in Peru. The basic equipment for a pilot plant is 
being installed at the University of Piura to demonstrate this fact (Grados, et al. 
1984). 
The most prominent benefit of mesquite to the communities, in addition to sand 
dune fixation, is provision of wood fuel for the households, charcoal making and 
other traditional industries. Selling mesquite firewood and charcoal is an 
important economic activity. Records of commercial production of charcoal and 
firewood in 1996/97 from Gash and Atbara rivers were 600,000 sacks and 
135,000 m3, respectively (Elsidig et al.1998). 
 2.1.5 Mesquite spread  
The mechanism by which mesquite is spreading, and the rate of spread 
constitute the main problem in agricultural and pasture lands. Elsiddig et al. 
(1998) stated that the nature of Mesquite stand spread is indicated by successive 
aerial photographs taken 1962, 1978 and 1992 and a GPS along river Gash. 
Mesquite is spreading in the dry lands of the Sudan in areas where the 
indigenous vegetation is becoming sparse (El Faldl 1997). Mesquite has a wide 
ecological range, occurring on a wide range of temperate and variety of soils and 
resists drought 
2.2 Remote Sensing  
2.2.1 Background: 
Remote sensing refers to the collection of techniques that apply photographs and 
images, taken from air or from space to study feature and monitor natural and 
man based processes that take, place on the earth surface. Aerial photography 
remains the main source of data for producing topographic maps. Since the 1970 
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additional techniques based on multi-spectral scanning, radar and laser has been 
developed and has considerably expanded the scope of remote sensing. Today, 
for example, most weather forecasts, crop type inventories and crop yield 
forecasts are based on remote sensing techniques. Processes such as climatic 
changes and deforestation can be better studied because of remote sensing data 
provided by global observation programs (Bakker et al, 1999). 
 
 Principles related to remote sensing of the earth from space define it as "the 
sensing of the earth surface from space, making use of the properties of 
electromagnetic waves emitted, reflected by the sensed objects, for purpose of 
improving natural resources management, land use and the protection of 
environment" (UN, 1999). 
Over the last twenty years, remote sensing has become increasingly important in 
the study of vegetation changes due to increased spatial resolution of new 
sensors. Due to the availability of low cost Advanced Very High Resolution 
Radiometer (AVHRR) images and the increasing availability of powerful 
computers, several changes detection procedures have been described by a 
number of researchers who usually give priority to achieving accuracy in the 
radiometric registration of multi-temporal imagery (Kwarteng, et al. 1998).  
2.2.3 Application of remote sensing in the Sudan 
At national, regional and international level, increasing concern has been 
expressed about the need for more studies on desert encroachment. Air 
photography proved to be an indispensable tool in study of deserts, desert 
changes and forest management. The satellite images, which are taken 
automatically every 8th day for all parts of our globe, will supply us with 
abundance of pictures well suited for future geo-morphological research on 
desert regions. The use of multi-spectral, multistage on multi-data temporal data 
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obtained by different monitoring systems will help recording desert creep 
through space and time (El Hag, 1980).     
Modern space technology provides an excellent tool for study of desertification 
and related phenomena. The study demonstrates the feasibility for utilization of 
land-sat imagery in the quantification of desertification process. Based on 
temporal interpretation of land sat imageries, it was possible to delineate the 
morphodynamic units showing the spatial distribution and intensity of 
desertification classes, based on the quantification of the vegetal and Aeolian 
coverage as determined from image characteristics and field observation. 
Results show that the multi concept of remote sensing is a useful tool in 
assessment of all aspects of desertification. (El Hag, 1984) 
Poulin (1984) studied the results of the landsat analysis in the Blue Nile 
Province, contrary to those obtained, the high rainfall woodland savanna of 
southern regions; do not confirm the principal conclusion of L.Sayn-
Wittgenstein report of September 1979 "the Possible Application of Landsat 
imagery in the Sudan forest inventory". The greatest confusion exists in image 
themes obtained with the same methodology applied to the southern region. 
(This matter was investigated but without success.) No colour seems to be 
specific to a given theme; thus lowering the reliability rate of each image 
interpretation except for the wood land savannas found in mountain areas of the 
Blue Nile Province such as along the Ethiopian border. In this particular Landsat 
analysis, however, it is thought that most of the encountered difficulties can be 
attributed to reflectance problems. 
Ahlcrona (1988) studied the impact of climate and man made land 
transformation in semi-arid region in central Sudan. Remote sensing monitoring 
interviews, analysis of rainfall and crop statistics, and analysis of environmental 
field data have been the tools in his research. The implication of the study is that 
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major impact on the land's biological productivity has been caused by climate 
factors and not by man. The only observed indication is the vegetation. It 
indicates that the present very dry period, which commenced in 1966, may 
constitute a medium term climate change towards drier condition. Furthermore, 
strong relation is established between landsat data and field cover/grass biomass. 
This implies a high potential use of landsat for grass resource monitoring. The 
strong relationship is specifically regarded as function of the vegetation 
reflectance, but also highly related to the effect of vegetation shadows on light-
colored soils.  
During 1981-1982 a project was started called "monitoring" wood resources and 
land degradation in Kordofan, the Sudan at department of Physical Geography, 
University Of Lund. One goal of the project was to work out a methodology, to 
a large extent based on remote sensing technology, for quantitative assessment 
of woody biomass in arid and semi-arid environments. Another intention was to 
investigate the consumption pattern of fuel wood in the study area and link it to 
the started on going desertification processes in order to understand the 
condition of a contemporary landscape. Achieved results indicated that canopy 
cover and woody biomass were possible to relate to landsat, MSS data in the 
given physical environment. No severe fuelwood supply problems were 
indicated even if the situation in some areas seemed to be deteriorating. Local 
pockets of deficit were observed, mainly the village surroundings. The most 
serious threat to the woody vegetation seemed to be the decreasing length of 
cultivation fallow cycle, which, in turn, may create problems through 
insufficient, erosion protection and decreasing soil fertility (Olsson1985). 
Sudan has begun a major programme to rehabilitate the Acacia senegal lands 
(known as "Gum belt") which extends altitudinal across the central third of the 
country. The first project under taking was a survey of the woody vegetation in 
Kazgail rural council area in Kordofan. New base maps at scales 1:250,000 and 
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1:100,000 were prepared and published in collaboration with Sudan Survey 
Department and USGS. Forest types and land use maps were compiled and 
printed for the same areas. Hand held GPS receiver was used to gather control 
point data in the field, to locate sample sites for data collection and support the 
mapping of woody vegetation. Data collected at each site were entered into a 
database with a limited mapping capacity (dBASE III+ and Atlas Graphics). 
Stock and stand tables were calculated for the study area. Maps of the results 
were plotted using boundary files created in Arc/Info system for mapping 
existing resources, managing the data and mapping the result of analysis. 
(Mohie el Deen1991)  
Abd El Magid (1999) stated that landsat 5 thematic mapper image (173/50) 
dated 15 September 1985 was used in this study. The image was displayed on a 
high resolution screen using computer compatible tape (CCT). The methodology 
followed to classify the images is the photomorphic unit approach. Three bands 
2, 3, and 4 were used to make false colour composite (FCC) and all bands 2,3,4 
,5 and 7 were used to calculate the percentage of information contained in each 
band. Six units were identified from the FCC and three classification techniques 
were employed and comparison between them was also done. The results 
showed some differences between the three techniques.    
El Tyaib (1999) carried out a study focusing upon the assessment and evaluation 
of the environmental changes in semi-arid region of Western Kordofan State, 
Sudan remotely sensed landsat data MSS, field observation, ancillary 
information and geographic information system (GIS) were used in this study. 
The study covered the period 1976-1997. The study showed that remote sensing 
is a reliable tool in assessing and monitoring environmental conditions in the 
study area. The study strongly recommended that, the whole study area should 
be left for animal husbandry.      
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Ali (1996) carried out a study in an attempt to assess and map desertification in 
the Western Sudan (Kordofan- Darfur). The objective of the study was to 
develop a methodology using remote sensing and geographical information 
system in assessment and mapping of desertification. The Western Sudan is of 
considerable importance to the Sudan economy. The remote sensing data used in 
this study are NDVI images created from AVHRR sensor on board NOAA 
satellites. The final result is an image map of assessment of desertification, 
which gives good indication of area under risk of desertification. The areas 
desertified were divided into four classes including light, moderate, severe and 
very severe. In 1982 (reference year) the boundary of desert shifted about 200 
km south of the desert boundary estimated by Harrison and Jackson, 1958. To 
sum up it can be stated that remote sensing and geographical information system 
(GIS) for assessment and mapping of desertification over large areas of dry 
lands like Western Sudan have been used with acceptable accuracy /reliability. 
UIF Hellden (1982), under took studies aiming at developing and testing 
methods, to a large extent based on remote sensing technology, to monitor 
variables of interest for the understanding and prediction of desertification and 
land degradation in arid and semi arid environments. Field data, including 
variety of environmental variables were collected, and measurements for trees 
and bushes were also carried out. The wet woody biomass and crown cover were 
estimated for a number of field plots and compared to a number of landsat 
biomass indices generated for corresponding areas. 
2.2.2 Normalized Difference Vegetation Index (NDVI) 
A vegetation index is a value that is calculated or derived from sets of remotely 
sensed data that is used to quantify the vegetative cover on the Earth surface. 
Though many vegetative indices exist; the most widely used is Normalized 
Difference Vegetation Index (NDVI). The NDVI, like most other vegetative 
indices, is calculated as a ratio between measured reflectivity in the visible and 
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near infrared portion of the electromagnetic spectrum (NIR band – Red band) / 
(NIR band + Red band), the two spectral bands are chosen because they are 
most affected by the absorption on the surface. Also, in visible and near infrared 
bands the contrast between the vegetation and soil is at maximum (NASA 
1986). 
 
Many techniques have been developed to study quantitative and qualitative 
status of the vegetation from satellite images. Based on the reflectance 
difference; the green vegetation displays between the visible region (20%) and 
near infrared region (60%) of the electric magnetic spectrum (FEWS 1999). In 
channel (1) and channel (2) of AVHRR images of National Oceanic 
Atmospheric Administration (NOAA) satellites, the Normalized Difference 
Vegetation Index (NDVI) has been obtained which is measure vegetation vigor; 
the magnitude of NDVI is related to the level of photosynthetic activities in the 
observed vegetation. The range of values obtained by the NDVI is between (-1) 
and (+1). The positive values correspond to vegetation zones and negative value 
generated by a higher reflectance in visible region than infrared region are due 
to clouds, snow, bare soil and rocks (FEWS, 1999). So, the NDVI is an indicator 
of vegetation cover; in general higher values of NDVI indicate vigor and 
quantity of vegetation (FEWS, 1999) 
The classic tool for vegetation and land cover inventory and monitoring remain 
aerial photography providing much finer detail then presently available space 
borne remote sensing systems. Most of the developing countries are nowadays 
sufficiently equipped to analyze aerial photograph and to prepare basic and 
thematic maps. On the other hand, acquisition and interpretation of aerial 
photography is very costly, roughly about ten times more expensive than space 
borne remote sensing depending on scale of aerial photography and the analysis 
applied (Reichert 1986). 
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The need to detect global change and synoptically monitor processes such as 
carbon dioxide, oxygen exchange in plants and vegetation changes has led to 
increasing use of multi-temporal imagery, or a sequence of images of land scape 
taken at regular intervals over time (NASA1986).        
Dobos et al. (2001) stated that the wide spread availability and affordability of 
AVHRR satellite data has allowed earth scientists to examine plant phenology 
of regional continental and global basis. To support many aspects of our life, we 
need good quality information on natural resources, agriculture, forestry, food 
production and preservation of environment quality. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
19 
Chapter III 
Study Area 
 
3.1. Location 
The White Nile State, lies between latitudes (12˚ 00΄- 15˚ 00΄) \ N. and 
longitudes (31˚ 30΄- 33˚ 15΄)E.  The State shares borders with six States, 
Khartoum to the north, kordofan to the West, the Upper Nile to the South, 
Sennar and Gazira States to the East, Map (1) show the Map of the State.  The 
total area of the State is 41, 600, km2 (about 9,452,620 fed). The White Nile 
State is divided into four localities namely: Jebelien, Elduiem, ELgetaina and 
Kosti. Each locality is headed by a commissioner. The capital of the State is 
Rabak and is headed by a governor or (Wali) and his cabinet.  There are three 
Omoudiyas in the study area, based on tribal structure.  Each Omoudiya has its 
court which is held weekly.  The village' leaders are the Sheikhs who are usually 
chosen according to the ethnic weight. The Sheikhs are entrusted to the 
collection of livestock tax, and have a considerable responsibility towards 
maintaining security in the village and mediates, together with the elders, in 
resolving disputes. 
The study area, Elgetaina region, lies between latitudes (13˚ 30΄- 15˚ 00΄)., and 
longitudes (32˚ 30΄- 33˚ 00΄)E. The study area is about 16000 hectares. The area 
is defined as a semi desert with rainfall (150-300)mm/a. Forest cover are shrubs 
and trees mainly, Acacia tortilis, Acacia radiana, Leptadenia pyrotechanica, 
Capparis decidua, Paricum tergiedum, Acacia nilotica along the banks of the 
White Nile and Prosopis chilensis along irrigation canals and sandy soils (sand 
dune fixation). The wood consumption was (0.5) m3/capata/years. 
The animals in the study area are mainly Camels, cattle, Sheep, and Goats. The 
main agricultural systems in the study area are irrigated, flooded and rain-fed 
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agriculture. The soil type is mainly sandy and gardod soil with clay along the 
Nile banks. 
3.2. Climate 
A tropical dry climate prevails in the area, characterized by high temperatures 
for most of the year, with means of 21˚ C and 37˚ C and maximum of 35˚ - 38˚C 
and minimum of 16˚- 23˚C for the cool and hot months respectively. Rainfall is 
the determinant factor of vegetation growth, crop farming and range 
productivity.  The rainy season usually lasts from June to September, but 90% of 
the total rains fall in the months of July and August.  The variability in the 
frequency of onset and distribution is quite remarkable, while variability in total 
rains amounts to 30 – 40%. (Salih, 2006) 
3.3 Water resources 
The available water resources in the area beside the rainfall comprise surface 
and ground water. In spite of the arid conditions of the area, the surface runoff 
entertains a humid period for some days every year.  On the other hand, the 
sandy nature of the top soil and the flatness of the area allow the greater part of 
rain waters to sweep, evaporate, or accumulate in topographical depressions 
forming "Rahads" and "Mayaas" that dry up shortly after the rainy season (Salih, 
2006)   
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3.4. Soil and topography 
The dominant soil type in the study area is purely sandy, with loamy sands, 
(Table 3.1).  The sand dunes are separated by valley-like clay plains which 
sometimes change into depressions and "Maya'as".  The most striking feature of 
the landscape is its flatness between the Gozes and sometimes changes into clay 
depressions or "Maya'as" in which water accumulates in the rainy season 
marked by huge Sunt (Acacia nilotica) making an oasis like feature. The sand 
dunes are found to be oriented in a particular order; they lie elongated from 
north to south, following the prevailing direction of wind through-out the year, 
indicating that the dunes are formed by creep of sands through the past years. 
 
Table (3.1): Topography and soils types:- 
Type of Soil Area / fed. % of used soil 
3.119.364 
2.268.629 
945.262 
661.638 
2.363.155 
94.526 
33 
24 
10 
7 
25 
1 
1. Clay plain soils. 
2. Clay sandy soils. 
3. Nile Valley soils. 
4. Semi desert soils. 
5. Sand dunes. 
6. 2Rocky soils. 
Total 9.452.62 100.0 
     (Source Report of White Nile State 2004) 
3.4. Vegetation 
There are 248 forest reserve areas in the White Nile State, covering an area of 
2,087,736 feddans, and constituting 28.9% of the total land area of the State.  In 
addition, 18.9% of the land is protected to maintain biological diversity (FNC, 
2002).  Harrison and Jackson (1958) described the study area as semi-desert 
region which is further divided into five sub-divisions. The study area covering 
by dominant species in this sub-division is Acacia tortilis, Maerua crassifolia 
(which may achieve local dominance in certain localities), Acacia raddiana, 
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Capparis decidua, Ziziphus spina-christi, Balanites aegyptiaca and Salvadora 
persica.  The species mentioned would be completely absent in the presence of 
heavy grazing, which gives entire dominance to Acacia nubica and Calotropis 
procera.  In the semi-desert grass-land on sand the dominant tree species are 
Acacia raddiana, Acacia mellifera and Commifora africana, Leptadenia 
pyrotechnica, Cassia acutifolia, or Calotropis procera in conditions of heavy 
grazing occupies the undulating sands.  The wetter parts of the sub-division are 
favorable to hashab (Acacia senegal), which continues into the wetter vegetation 
zone in the south. The prevalence of a dry climate has given rise to poor 
vegetation, both in terms of cover and intensity with a gradation from north to 
south, following the rainfall pattern and the variation in soils.  The dominant tree 
species are Acacia tortilis, Acacia seyal, Acacia nubica, Balanites aegyptiaca 
and Acacia mellifera. Also Mesquite is become part of the local flora since 1986 
specially Prosopis juliflora. The main grass species are Panicum turgidum, 
Cenchrus spp. and Ipomea spp. Besides the above prevalent types, species such 
as Acacia nilotica and Ziziphus spina-christi are characteristically found on the 
banks of the White Nile and on the depressions amongst the dunes, where run 
off waters accumulate. 
3.6. Population 
The population of the White Nile State according to 2002 census is around 
1,595,.000 capita distributed in the four localities which are divided into 26 
administration units with about 838 villages as shown in Table (3.2). 
Table (3.2): Population distribution according to settlement in White Nile State: 
Population Number Percent 
540. 067 
1. 024. 309 
30. 624 
33. 86  
64. 22  
1.92  
1. Urban population. 
2. Rural settled. 
3. nomads 
Total 1, 595 , 000 100 
          Source (Government of the White Nile Census of 2002)  
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Demographic data on this part shows the following characteristics: the ranges of 
village population sizes are 450 - 4329 persons and 90 to 526 households. The 
average of household size is 7.5 persons, with six variation of 52.75% males and 
47.3% females.  The ethnic groups of the area are the same and stable for 
decades.  The main groups are: Hassaniya, Hessinnat, Kawahla, Shenabla, 
Sheweihat, Kurtan and Ga’alyeen.  These are in the northern part of the study 
area, whereas the major groups in the southern part are Bani Jarrar and 
Shankhab, with these major groups, there exist minorities such as Kababeesh of 
Northern Kordofan origin which is induced by the 1984 drought to settle in the 
area. 
3.7. Land use and economic activities 
White Nile State is generally food secured and supplies other States with food.  
Agriculture is the major source of food and income in the state with various 
agricultural schemes.  Mechanized farming accounts for 60% of the total area 
under cultivation and irrigated schemes and traditional farming systems for the 
remainder. The majority of the resident population in the state is agro-pastoral. 
They have large livestock holdings comprising sheep, goats, cattle and camels, 
in addition to agricultural land. Poor household typically own 10-15 feddans, 
middle house holds 20-25 feddans and rich house holds up to 30 feddans (WFP, 
2004).  Originally the populations and the communities of the study area are 
pastorals, living adjacent to the nomadic tribes of the Northern Kordofan.  
3.8 Livestock Population 
The majority of the inhabitants practice shifting cultivation. Livestock raising is 
dominant throughout the area and major animals are goats, sheep and camels.  
cattle are also found in numerous numbers but move from place to another 
following the availability and abundance of water and fodder. The main activity 
throughout the area is agropastoral activity. The subsistence farming and cattle 
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grazing are the only sources of livelihood, both of which are very vulnerable to 
any climatic interference. The types of crop farming to be found are: Goz 
farming, turus farming, clay plains farming and livestock raising besides other 
activities, but originally the population and the communities of the study area 
are pastorals, living adjacent to the nomadic tribes of the Northern Kordofan 
State. Table (3.3) shows the livestock wealth in The White Nile State in the 
period 1998-2002.   
 
Table (3.3): Estimated Livestock Population in  in the White Nile State (1998-
2002) 
Type of livestock 1998 1999 2000 2001 2002 
Cattle 2,882,499 2,985,934 3,091,619 3,192,473 3,288,601 
Sheep 2,054,118 2,172,381 2,235,077 2,281,586 2,334,596 
Goats 1,958,689 2,004,197 2,068,704 2,145,422 2,227,745 
Camels 22,082 22,505 23,077 23,702 24,731 
Total 6,917,388 7,185,017 7,418,477 7,643,183 7,875,673 
             Source: (Report of White Nile State 2004) 
3.9 NGOs in the study area 
Several NGOs projects worked in the White Nile State; the most famous project 
was FINNIDA (Finish International Development Agency) which focused on 
implementing agro-forestry program/project.  Other projects include; ILO 
(International Labour Organization), Plan-Sudan and CONCERN, which 
implemented afforestation and desertification control programs.  The main 
activities of these organizations are establishment of private and community 
woodlots, establishment of sand dune fixation and windbreaks, supply of fuel 
substitutes and other activities.  All these activities meant to mobilize the 
communities towards adoption of the project ideas (Ghazi, 2005). 
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The important project was the Sudan Finland Afforestion Programme 
commenced in 1979 in the White Nile Province, and in 1981 a nursery 
developed in Finland was constructed in the village of Um Hager near the town 
of Tendelti. As phase IV of the Sudan –Finland Afforestation Programme 
commenced in 1986, the activities were extended to include also Kosti area. The 
construction of the nursery to grow seedlings by using Finnish and Sudanese 
methods began in the town of kosti in 1986. (Earo, 1987) 
 
The purpose of the activities has been to prevent the decrease in the production 
of the gum Arabic by yearly establishing new hashab plantations on land owned 
by central Forests Administration and the villagers. By establishing Mesquite 
plantations in the close proximity of villages in the northern area of Tendelti, the 
aim has to ease the collection of the fuelwood by the villagers and to protect the 
villages and plantations against desertification (Earo, 1987) 
The activities of the project focused on the following issues 
- Establishment of two central nurseries (Kosti- Tendelti) for distribution of 
seedlings to farmers and rehabilitation of degraded areas of the White 
Nile State. 
- Extension programme for raising awareness  
- Training programme. Capacity building for the FNC staff and also for 
farmers  
- Research programme on dry land species (Acacia Senegal and    
- Institutional support to FNC offices and other building in White Nile.  
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Chapter IV 
Materials and Methods 
 
4.1 Mapping methodology for mesquite spread  
As elsewhere in Sudan, no historical data document is available for spreading of 
Mesquite in the White Nile State.  Therefore, this research used a time series of 
satellite data to generate a historical background of the spread of Mesquite. The 
interpretation of historical image time series was aided using the coordinates of 
the boundary of present situation on Mesquite located and mapped using GPS, 
in site the Mesquite area in the year 2007. 
The Mesquite spread is monitored during the period 2000, 2001, 2002, 2004, 
2005, 2006, and 2007. Based on (MODIS 8 day) MODIS Tarra surface 
reflectance image data 8 day product; this data was downloaded from Land 
Processing Distributed Active Archive Centre (LP DAAC); free computer based 
down load service. To facilitate the analysis, cloud and gap free images were 
first selected for the region of interest containing Elgetaina region. An image 
product was selected during the last week of February for each year. Selection of 
imagery was made in the dry season when Mesquite cover was easy to identify 
and assess.  
Then the resulting time series was windowed to study the area that contains the 
entire Elgetaina region; this was done to reduce the data volume and hence to 
enhance the image processing, and to determine the annual spread rate of 
Mesquite.  
Each of the resulting windowed images was then used to calculate a Normalized 
Difference Vegetation Index image NDVI. The NDVI is spectral index that is 
sensitive to the presence and abundance of green plants. The NDVI was 
formulated as follows: 
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(NIR band – Red band) / (NIR band + Red band) 
NDVI was calculated to provide a basis for spread areas; bare soil, it also 
reduces NDVI value; this makes it possible to detect density vegetation as pixels 
where NDVI value has reduced significantly between years.  Spread areas were 
detected from the NDVI time series of Elgetaina region by subtracting each 
earlier image from each later one, and then spread pixels determined from the 
resulting difference image as those who’s NDVI had reduced substantially 
between years. The change (spread area) between each two successive NDVI 
images was detected and saved in a new image. 
 A color density slice was created by using NDVI difference values observed for 
the pixels of the minimum and maximum limits of density range of the Mesquite 
area. An area that has NDVI difference values similar to that of the Mesquite 
areas were interactively removed (masked out) to create a new noise free image. 
The resulting Mesquite area images were then converted from raster to vector to 
facilitate the preparation of final Mesquite area maps in Arc GIS (Appendix 3, 4, 
5 and 6). Finally, all Mesquite areas detected between each two successive 
images were summed together to obtain one image containing all Mesquite areas 
of the year. These yearly images were then added together to produce a new 
image showing the spread of Mesquite annually. 
Also use high resolution image from landsate 1985- 2000 was used to see the 
past cover of Mesquite in the study areas. 
Local, regional and international literature has been consulted to develop the 
above mentioned methodology. 
4.2 Socioeconomic data 
A questionnaire, including a number of questions (Appendex 1) has been 
designed and contain (Age distribution, Educational level, Source of income, etc 
After testing it was distributed among farmers, charcool producers and nomads 
in the study area.  
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4.3 Field work 
GPS was used to locate coordinates of the boundaries of the present area of 
Mesquite in 2007, stratification of Mesquite spread (Appendix 2) and village 
coordinates. To assess present status of Mesquite, 45 sample plots of 0.1 ha each 
was randomly selected using random numbers generated from an electronic 
calculator. In each sample plot the number of trees was counted.  
4.4 Software and data analysis  
Environment for Visualizing Images (ENVI 4.3) Remote sensing package and 
ARCGIS Geographical Information System (GIS) Package were used for 
satellite images processing, interpretation and mapping  
- SPSS 10 statistical package was used to analyze the socioeconomic data 
collected through the questionnaire.  
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Chapter V 
Results and discussion 
 
5.1 Remote sensing aspect 
Mesquite spread is indicated by successive images taken in years 2000, 2001, 
2002, 2004, 2005, 2006 and 2007 as it was not easy to find image for year 2003. 
By looking into the histograms, the spread of Mesquite is evident due to 
dispersal of seeds by animals which permitted Mesquite to increase in density 
and spread into agricultural land.  
Under suitable conditions Mesquite would grow with vigor and eventually claim 
the lands. The agricultural lands were either neglected or not well looked after 
creating conditions favorable to Mesquite spread. 
According to UNEP (2007) because Mesquite seed and pods are distributed in 
droppings of animals, any control measure will need to address the issue of the 
uncontrolled communal grazing of the existing tree stands. This will lead in turn 
to increased poverty levels and decreased food security of the farmers and the 
local communities. 
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5.1.1 Land use 2000 
In the year 2000 the land use characterized by Mesquite occupied nearly 10823 
hectares and the bare land about 3726 hectares with agricultural activities 
approximately 1059 hectares (Figure 5.1) shows the land use of 2000 
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Figure (5.1) Land use 2000 
 
5.1.2 Land use 2001 
The year 2001 illustrates increase of bare lands; it's about 5159 hectares. 
Mesquite covered area is about 9529 hectares that mean there is a decreasing 
trend in it's spread indicating that there is an intensive use of Mesquite. The 
agricultural lands are about 918 hectares showing that there is little decrease 
(Figure5.2) show land use 2001. 
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Figure (5.2) Land use 2001 
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5.1.3 Land use 2002 
In the year 2002 the land use characterized by Mesquite was about 10113 
hectares indicating that there is little increase of Mesquite spread. The bare lands 
are about 4457 hectares and the agricultural lands were about 1036 hectares. 
(Figure 5.3) shows that the land use 2002. 
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Figure (5.3) Land use 2002 
 
5.1.4 Land use 2004 
In the year 2004 Mesquite covered areas are about 10889 hectares witnessing an 
increase of Mesquite spread with decrease in bare land of about 3558 hectares 
and the increase in agricultural lands was about 1160 hectares (Figure 5.4), 
shows land use of 2004. 
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Figure (5.4) Land use 2004 
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5.1.5 Land use 2005 
The year 2005 revealed that, the land covered by Mesquite was about 8890 
hectares showing that there is decrease of Mesquite spread with some increase in 
the bare lands of about 5519 hectares and agricultural lands of around 1197 
hectares (Figure 5.5) shows the land use 2005. 
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Figure (5.5) Land use 2005 
 
5.1.6 Land use 2006 
It appears from the year 2006 that the area covered by Mesquite was about 
11265 hectares indicating that Mesquite has been widely spread with limitations 
of bare land which was about 3573 hectares and decreasing agricultural lands of 
about 768 hectares (Figure 5.6), shows the land use of 2006. 
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Figure (5.6) Land use 2006 
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5.1.7 Land use 2007 
It becomes clear that in the year 2007, Mesquite has been widely spread in an 
area of about 12650 hectares with little bare lands of approximately 2848 
hectares and agricultural lands of rarely 107 hectares. (Figure 5.7) shows the 
land use 2007. 
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Figure (5.7) Land use 2007 
 
5.1.8 Extent of agricultural land 
Figure (5.8) shows the extent of area covered by agricultural land extracted from 
analyzing the satellite images of the years 2000, 2001, 2002, 2004, 2005, 2006 
and 2007. 
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Figure (5.8) Extent of agricultural Area 
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There is an obvious fluctuating trend in areas under agricultural activities. This 
could be attributed to the deterioration of the resource base, as successive 
droughts might have acted as a catalyst for desertification. Desertification/ land 
degradation not only destroy a nation's production resource base and hence 
undermine food production and contribute to malnutrition, famine and 
starvation, but it also causes the loss of genetic resources and the disruption of 
national economies (Glantz and Orlovsky, 1986), also they added that the land 
degradation causes climate variation and consequently affects societal activities 
and alters the ecosystem. Frequent changes of management and administration 
of the agricultural schemes (reform, subsistence, corporation and privatization,) 
as well as absence of agricultural rotation, negligence of farmers to their lands 
for a long time, migration of farmers to cities and towns due to high taxes 
imposed on production inputs (Abd Elfatah et al 2007) promoted the invasion of 
Mesquite into these valuable lands (Plate 5.1). Efficient use of land for 
agriculture will restrict the spread of Mesquite (Abdel Magid, 2007) 
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Map (5.2): Land use 2000 
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5.1.9 Extent of bare lands  
The fluctuation of the bare lands can be explained by the fact that there is an 
increasing reliance of considerable proportion of the population in the study area 
on production of Mesquite charcoal. This also means that these areas were 
occupied by Mesquite as it was no longer used for cultivation of agricultural 
crops. The bare lands were also created by the local population for the provision 
of local building materials or Mesquite has not yet invaded the area.  
The decrease of bare land plate (5.2) below shows that there is an invasion of 
Mesquite into neighboring bare land. In such a situation Mesquite seems to be 
scattered or absent in the area mapped by the satellite, as indicated by the low 
value of NDVI.  
Figure (5.9) shows the trend of change in the bare land area. 
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Figure (5.9) Extent of bare Soil 
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Plate (5.1) Invasion of mesquite into agricultural land 
 
 
 
(5.2) Spread of Mesquite in the bare land 
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5.1.10 Extent of Mesquite area  
Analyses of the image for the successive years clearly indicate that, there is a 
fluctuating trend in the annual spread of Mesquite. The years 2001and 2005 
indicate that there is an intensive use of Mesquite, which is reflected in the 
decreasing trend of the annual spread as shown in the MODS 8 day image 
analyses. Moreover, even in the years of high rate of spread, there is also an 
intensive use of Mesquite.  The fluctuating trend of Mesquite as shown in Figure 
(5.10) reflects its potential for meeting the ever increasing demand of its 
products by the local people; it is often the only fuelwood available in areas 
where it grows. This situation indicates that due to many factors Mesquite 
claimed the valuable agricultural lands; frequent changes of the management 
and administration of the agricultural schemes (reform, subsistence, corporation 
and privatization), absence of agricultural rotation and negligence of farmers to 
their lands for along time. This promoted invasion of Mesquite to these farm 
lands. The movement of animals has also promoted its spread, especially in the 
White Nile area, which is characterized by the presence of large numbers of 
livestock. These animals move from north to south and vice versa, also due to 
the expensive taxes on production and the deterioration of agricultural resource 
base, farmers migrate to cities and towns and thereby neglecting their farms 
lands.  
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Figure (5.10) extent of Mesquite area 
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5.1.11The annual spread of Mesquite  
The mean annual spread is estimated at 228.45 hectares equivalent to 1.45% of 
total study area. With this annual spread of Mesquite it can be speculated that all 
arable land of the study area of the White Nile State will be invaded by 
Mesquite; but this may not be the case because in some of the areas the farmers, 
producers and local community use Mesquite as fire wood, charcoal, building 
material and preparing the land for agricultural activities, this is reflected in the 
satellite imageries of years (2000, 2001, 2002, 2004, 2005, 2006 and 2007). The 
scattered pocket of Mesquite in the imagery is results of coppicing of Mesquite.   
 
5.1.12. The relationship between Mesquite spread, agricultural and bare 
lands 
In the Figure (5.11) shows the increase of Mesquite spread is at the cost of 
agricultural and bare land, any decrease of Mesquite spread will reflect an 
increase of bare and agricultural land. The agricultural lands reached its lowest 
level in the year 2007 when Mesquite and bare land attained their highest levels    
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Figure (5.11) the relationship between Mesquite spread, agricultural and 
bare lands 
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Map (5.3): Land use year 2007  
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5.2 Socioeconomic aspects 
5.2.1 Use of mesquite 
 Mesquite provides many benefits for the communities in the study area. About 
30% of the respondents use Mesquite as firewood and charcoal. Mesquite is also 
used as fodder for animals. About 17% of the respondents use it as fodder for 
their animals. The use of Mesquite wood as building material was mentioned by 
few people 3%. Other uses, such as fencing, wind breaks and honey products 
were mentioned by 22%.of the respondent Table (5.4) shows the uses of 
Mesquite as mentioned by the respondents in the study area.    
 
Table (5. 4) Use of Mesquite     
Cumulative Percent PercentFrequencyUses of Mesquite 
29.2 29.2 28 Firewood 
58.3 29.2 28 Charcoal 
75.0 16.7 16 Fodders 
78.1 3.1 3 Building material 
100.0 21.9 21 Others 
 100 96 Total 
 
People derived many benefits, and one of the major beneficial effects of 
Mesquite in areas that are grazed is that the shrub canopies provide shelter and 
enable palatable plants to grow under them protecting them from being eaten or 
trampled. This is in agreement with Abdel Magid (2007), who stated that 
Mesquite provides a wide range of positive attributes that make the species 
useful and promising as a multi purpose tree species in the semi arid dry lands.  
This reflects the multipurpose function of mesquite in the dry land areas like 
White Nile area and this supported by several authors (El Fadl 1997, Abdel 
Magid, 2007). 
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Table (5.4) illustrates the value of mesquite as one of the most important sources 
for animal and human consumption. It provides many farmers with fencing 
materials and many acts as windbreaks and boundary trees. Mesquite occupies 
niches which are coming free after abandoning agricultural land. 
5.2.2 Mesquite as source of firewood:  
Mesquite becomes the principal source of energy for rural communities, due to 
scarcity of the local species. Figure, (5.12) shows that Mesquite constitutes, 
about 70% of firewood supply in the study area, while indigenous tree species 
(e. g Acacia tortilis) comprise less than 30% 
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Figure (5.12) Mesquite as Source of Firewood 
The local species such as Acacia tortilis, Acacia nilotia, Leptadenia 
pyrotechnica, Ziziphus spinachristi, Balanites aegyptiaca and Capparis decidua, 
also are used for firewood. 
5.2.3 Intangible benefits of Mesquite: 
The main objective for introduction of Mesquite is to combat desertification and 
sand dune movement. Table (5.5) shows that, the multiple benefits of Mesquite 
which were narrated by the respondents. These benefits have good implications 
in the management of the dry lands, especially White Nile area. 
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Table (5.5) the benefits of Mesquite:            
Cumulative Percent Percent Frequency Benefits 
32.3 32.3 31 Sand dune fixation 
81.3 49.0 47 Combat desertification 
86.5 5.2 5 Increase Soil fertility 
100.0 13.5 13 Others 
 100 96 Total 
 
About 49% of the respondents' think that the main benefit of Mesquite is to 
combat desertification, while 32% of them claimed that Mesquite is use for sand 
dune fixation. Few of respondents think that Mesquite can retain soil fertility. 
Some of the respondents mentioned Mesquite as a factor to improve 
environmentanal condition,   
5.2.4 Preferred species used for charcoal production:- 
Mesquite is dominating in the study area. It is widely used as an energy source 
in the study area (Figure 5.13)  
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                        Figure (5. 11) Preferred species 
The local species are preferred for charcoal production, but there are restrictions 
from the Forests National Corporation (FNC), to use the local species for 
charcoal production. The restriction is due to the scarcity of those species. The 
local species such as Acacia tortilis, Acacia nilotia, Leptadenia pyrotechnica), 
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Ziziphus spinachristi, Balanites aegyptiaca and Capparis decidua, also are used 
for firewood. 
5.2.5 Means of Mesquite spread:  
Animals and water run-off during the rainy season are the main factors causing 
the spread of Mesquite seeds. The majority of the respondents claimed that 
animals are the main factor for distributing Mesquite seeds through their 
dropping. Some respondents think that water and animals are behind the 
distribution of Mesquite seeds. Table (5.6) shows the means of Mesquite spread 
as mentioned by the respondents. This supports the argument of Abdel Nour et 
al. (1998) who mentioned that 5% of the seeds in the pods when eaten by goats 
 
Table (5.6) Means of Mesquite spread 
Means Frequency Percent Cumulative percent
Water 13 13.5% 13.5 
Animals 57 59.4% 72.9 
Water + animals 26 27.1% 100.0 
 
are not crushed, and the digestive juice in the animal track help in softening the 
seed coat and are dropped ready for germination in the animal droppings. The 
movement of animals has promoted Mesquite spread. 
 
5.2.6 Perception of local community for eradication Mesquite spread 
The Figure (5.14) below shows the perception of local community for 
eradication of Mesquite spread. Seventy seven percent of al the respondents in 
the study area said "with" for eradication of Mesquite in area, this because 
Mesquite invade their agricultural lands residential area and thus denying them 
of their arable land for agriculture. Also they said when Mesquite invades their 
land they fear for the snakes and harmful insects that hide in side the wood lots. 
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Another disadvantage is that Mesquite has many strong thorns that pierce the 
tyre of the vehicles, carts and feet of human beings. 23% in habitants said "No" 
simply because Mesquite provide them with fodder for their animals, firewood 
and charcoal as source of income act as wind break and sand dunes stabilization 
. 
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Figure (5.14) (Perception of local community for eradication Mesquite 
 
5.2.7 Control and eradication 
Several efforts were made to control mesquite, but they were not sustainable as 
long term funding has never been guaranteed. A programme of uprooting of 
Mesquite was initiated by the federal ministry of agriculture in 1995. A 
programme for containment of mesquite was planned in New Halfa in 1996, 
with little success (El Tayeb, et al., 2001). A programme, of Food for Work, was 
run by Oxfam to control mesquite in Tokar delta. Under, the programme 
families of low income were mobilized to the delta, offered food and two 
hectares, which infested by mesquite. 
In 1996 the government approved a bill on mesquite management. The tree is to 
be eradicated where it constitutes a threat to agriculture or biodiversity and 
preserved in areas threatened by desertification. At present active eradication 
programmes, using both mechanical and manual methods for uprooting 
mesquite, are implemented in New Halfa agricultural scheme and Tokar delta at 
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costs of 7.4 and 8.7 million US dollars, respectively. A similar eradication 
programme was implemented in Zeidab irrigated scheme. However, because of 
high cost eradication was incomplete and due to poor follow-up, a significant 
proportion of the cleared area is re-infested. (El Siddig, et al. 1998)  
The method of Mesquite eradication in the study area as suggested by 
respondents  
Table (5.7) shows that the methods of Mesquite eradication in the study area. 
42% of the respondents proposed the uprooting method as the best way for 
Mesquite eradication, while 47% suggested that both uprooting and burning for 
controlling Mesquite also 11% proposes chemical, biological and mechanical for 
Mesquite control. 
 
Table (5.7) Methods of eradication:     
؛Percentage FrequencyMethod of eradication 
41.740 Uprooting
46.945  Uprooting and burning
11.4 11 Others
100%96  Total 
 
5.2.8 Management of Mesquite: 
The following ideas are suggested for Mesquite management: 
-There is need for Mesquite in the study area for fuel and building material its 
growth has to be restricted to certain areas preferably at the periphery to act as a 
shelter belt and source of wood and animal feed.  
-Stop the open grazing system in the area and raise the farmer's awareness and 
involve them in the removal of young seedlings growing outside the special 
areas allotted by Mesquite and intensive farming systems.  
-Follow a suitable silvicultural procedure that will guarantee the production of 
required materials.  
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-Preparation of clear management plans for the Mesquite in the area and 
promotes research programmes concerned with silvicultural and control of 
Mesquite spread.  
-The key factor for reducing the spread of Mesquite is in putting the land under 
proper management and continuous use. (Abdel Magid, 2007)  
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Chapter VI 
Conclusions and Recommendations  
  
6.1 Conclusions:-  
Conclusions from this study can be summarized as follows 
• The resulting image analysis shows that there is obvious decreasing trend 
in areas under agricultural activities.  
• Frequent changes of management and administration of the agricultural 
schemes (reform, subsistence, corporation and privatization, as well as 
absence of agricultural rotation and negligence of farmers to their lands 
for a long time), such factors have led to the invasion of Mesquite into 
these valuable lands. 
• Analyses of the image for the successive years clearly indicate that, there 
is an increasing trend in the annual spread of Mesquite 
• Since its introduction, mesquite presented no problem when isolated in 
plantation blocks over sand dunes and degraded eroded soils. 
• The nitrogen fixing tree of the Prosopis spp.  Is among the most adaptable 
and fastest growing tree in the arid and semi-arid regions of the Sudan. 
More over, the Prosopis chilensis Molina stuntz is adapted to survive the 
harsh environmental conditions of the world's sandy zones.  
• The trees have been regarded both as a serious weed and as a valuable 
resource for firewood and dune stabilization. 
• Prosopis pods are very important source of animal feed 
• The agricultural lands were either abandoned or not well looked after 
creating conditions conducive to Mesquite spread. 
• Mesquite was also introduced intentionally for the protection of 
agricultural land in the northern states against sand invasion. 
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• The Introduction of Mesquite in the study area was accompanied with 
intensive forestry extension programs among the farmers to keep 
Mesquite under control 
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6.2 The study recommends the following: 
• It is recommended to use remote sensing MODIS 8 day with low 
resolution which gives reasonable results in detecting the spread of 
Mesquite, though the use of high resolution images will give more 
accurate results to detect Mesquite spread in different areas of the Sudan. 
• The key factor in controlling Mesquite is in putting the land under proper 
management and continuous use. 
• It is recommended to formulate a management plan for economic 
utilization of the existing stands. 
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Annexes 
 
Appendix (1) 
Research questionnaire 
-village 
-locality 
-State 
 
1) Household members:- 
 1 1-5 
 2 6-9 
 30-12 
 
2) Age distribution:- 
  Age groups (years) 
  1 20-35 
  2 36-45 
  3 >46 
 
3) Educational level:- 
  1 - Illiterates 
  2 - Primary 
  3 - Secondary  
  3 - Graduate 
  4 - Others 
 
4) Source of income:- 
  1- Agriculture           
  2- Livestock                   
  3- Labor                  
  4- Trade                  
  5- Others 
5) Do you own land? 
  1 Yes 
  2 No 
 
6) If yes, what is the area of your agricultural land? 
  1 1-5 
  2 6-10 
  3 11-15 
  4 >15 
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7) What is the type of your ownership?  
  1 Free hold 
  2 Leasehold rent 
  3 Crop shearing 
  4 rent 
8) What is the main land use? 
  1 Agricultural                                                      
  2 Ranges                                                               
  3 Others                                                               
 
9) When was the first time mesquite invade your area? 
1 1985-1990 
2 1991- 1995 
3 1996- 2000 
4 2001- 2007 
 
10) How mesquites enter your area? 
1Water                                                                                   
2 Animals                                                                               
3You brought by yourself for shelter belts or fencing          
4 Projects                                                                                
5 Others                                                                                  
 
11) For what purpose you use mesquite? 
1) fire wood                                                                      
2) charcoal                                                                          
3) building material                                                            
4) fodders                                                                            
5) others                                                                              
 
12) What are the advantages of mesquite? 
1 sand dune fixation                                                          
2 increase soil fertility                                                       
3 combat desertification                                                   
4 others                                                                    
 
 
 
13) What is the disadvantage of mesquite? 
1 Invades agricultural land                                   
2 Effect on animals                                                 
3 reduce soil fertility                                               
4 Difficult in removal                                              
 
 
60 
5 Effect of thorns on human                                   
6 others                                                                     
 
14) Did you receive any forestry extension programmes? 
Yes 
      No 
 
15) If yes what is the impact of these programmers       
1 awareness raising                                                  
2 enhancements of agricultural operations           
3 reduction of illegal felling                                     
 
16) Do you agree for eradication of mesquite? 
1 Yes                                 
2 No 
 
17) If yes, what are ideal methods for eradication? 
1 up-rooting 
2 clear felling 
3 firing 
4 others 
 
18) If No, what are the reasons? 
1 for protection against wind storm 
2 for increasing income 
3 for fodder 
4 others    
 
19) What is source of fire wood:- 
1 mesquite 
2 local trees 
 
 
20) Who member of the family is responsible for the collecting of                              
fuelwood? 
1 husband 
2 wife 
3 children 
 
21) What is the preferred species for charcoal? 
1 mesquite 
2 local species 
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22) What is the distance of collection? 
1 0.5 - 1 km 
2 1.5 – 2 km 
3 2.5 – 3 km 
4 > 3 km 
 
23) What is time spent in collection? 
     1 <1/2 hr 
      2 1 – 2 hr 
      3 > 2 hr 
 
24) How the fire wood transported? 
     1 head load 
     2 donkey load 
     3 carts 
     4 trunks 
 
25) What are the main uses of the fire wood? 
     1 cooking 
     2 warming 
     3 others 
 
26) Is the mesquite used frequently? 
    1 yes 
    2 No 
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Appendix (2) 
Mesquite Stratification 
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Appendix (3) Land use year 2001 
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Appendix (4): Land use 2004 
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Appendix (5) Land use 2005 
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Appendix (6): Land use year 2006 
 
      
